and Xu et al. (1997) recently reported evidence the summation of TRPL and TRP channels after taking suggesting heteromultimeric subunit assembly of TRP their different reversal potentials into account. Aland TRPL subunits. The present study was designed to though La 3؉ partially blocked the light response in examine more critically whether the in situ wild-type wild-type photoreceptors, it increased the effective light-sensitive conductance can indeed be considered single channel conductance. The results indicate that as the sum of two components, and if so, whether these the wild-type light-activated conductance is comcorrespond to TRP and TRPL or whether there is a de posed of two separate channels, with the properties novo conductance indicative of heteromultimeric asof TRP-and TRPL-dependent channels as determined sembly. To address this question, which has implicain the respective mutants.
Introduction and regulation, we have compared a variety of properties of the wild-type conductance with those of the Phototransduction in Drosophila is mediated by a G TRPL-and TRP-dependent channels isolated in the reprotein-coupled phosphoinositide (PI) cascade culmispective mutants, trp and trpl. Our results support the nating in the opening of calcium-and cation-selective hypothesis that TRP and TRPL channels operate as dischannels in the plasma membrane (reviewed by Hardie tinct entities in wild-type flies. Furthermore, our meaand Minke, 1995; Ranganathan et al., 1995; Zuker, 1996) . surements in trpl represent the first detailed descriptions Evidence summarized below suggests that these lightof the TRP-dependent conductance in situ, thereby sensitive channels are encoded at least in part by the allowing a revealing comparison with the properties of transient receptor potential (trp) gene (Cosens and Man- heterologously expressed TRP channels (e.g., Vaca et ning, 1969; Minke et al., 1975; Montell and Rubin, 1989) al., 1994; Xu et al., 1997) . and its homolog, trp-like (trpl; Phillips et al., 1992) . The trp gene is the prototypical member of a novel ion chanResults nel family within the superfamily of voltage-gated and cyclic nucleotide-gated channels, its structure sugReversal Potentials and Ionic Selectivity gesting that it encodes one subunit of a multimeric chanReversal potentials (E rev) were measured under a variety nel assembly (reviewed by Hardie and Minke, 1993; Har- of ionic conditions by recording responses to brief light die, 1996a; Minke and Selinger, 1996) . Significantly, flashes as the membrane potential was stepped in small recently discovered vertebrate and human homologs of (2, 5, or 10 mV) steps around E rev. When bathed in normal trp have been implicated in the widespread but poorly physiological Ringer's solutions (120 mM NaCl, 5 mM understood phenomenon of PI-regulated Ca 2ϩ entry, ofKCl, 1.5 mM Ca 2ϩ
, and 4 mM Mg 2ϩ ), E rev in trpl photoreten referred to as store-operated or capacitative Ca 2ϩ ceptors (11.6 Ϯ 0.9 mV [mean Ϯ SD]; n ϭ 11) showed a small but statistically highly significant (p Ͻ 0.0001, Student's t test) positive shift compared to wild type * Present address: Department of Physiology, University College (9.2 Ϯ 1.4 mV; n ϭ 22). As previously reported, E rev in London, Gower Street, London WC1E 6BT, United Kingdom.
† To whom correspondence should be addressed.
trp 301 (Ϫ4.3 Ϯ 1.1 mV; n ϭ 8) showed a large negative shift with respect to wild type (Hardie and Minke, 1992; Niemeyer et al., 1996) . Previous estimates of the ionic permeabilities of the light-sensitive channels in Drosophila were made in the presence of several ionic species using the Goldman Hodgkin Katz (GHK) equations (Hardie and Minke, 1992) . In order to gain more reliable estimates of both monovalent and divalent ionic permeability ratios, reversal potentials were determined under bi-ionic conditions in which Cs ϩ was the only cation included in the pipette solution, whereas the bath contained only one of a variety of monovalent or divalent cations. Under these conditions, permeability (P) ratios can be derived from the bi-ionic reversal potential (Erev) according to: Minke, 1992) . However, when Ca 2ϩ was the only permetrp and trpl. The permeability ratios in Table 1 were derived from ant external cation we found it virtually impossible to these data using Equations 1 and 2. Error bars are standard deviarecord responses to light, probably because Na/Ca extions; the data are based on at least 4 cells for each measurement (see Table 1 ).
change no longer operates and the cells rapidly become loaded with damaging levels of Ca 2ϩ
. We therefore used a strategy of first recording in a bath solution containing only NMDG Cl, using a pipette solution containing 130 was reduced 10-fold (to 1 mM), E rev shifted to 6.9 Ϯ 2.3 mV (n ϭ 7), i.e., by ‫62ف‬ mV, which is close to the Nernst mM Cs gluconate, 10 mM EGTA, and 1 mM CaCl 2 . Only after establishing the whole-cell configuration (thereby prediction (29 mV) . Similar measurements in the trp mutant directly confirm the much-reduced Ca 2ϩ permeabilbuffering internal Ca 2ϩ with EGTA) was the test solution containing 10 mM Ca 2ϩ and 120 mM NDMG applied to ity (Hardie and Minke, 1992) . However, in the trpl mutant, Erev was ‫01ف‬ mV more positive than in wild type, indicatthe cell by puffer pipette, and reversal potential measurements were performed (e.g., Gomez and Nasi, ing that the Ca 2ϩ selectivity of the TRP-dependent channels was significantly greater (PCa:PCs ϭ ‫.)1:011ف‬ Al-1996) . Although not strictly necessary, other divalent cations were tested in exactly the same way. though these channels are less selective than, for example, voltage-sensitive Ca 2ϩ channels or calcium reWith 10 mM [Ca o ] and 130 mM [Cs i ], E rev in wild-type flies was 32.7 Ϯ 3.3 mV (n ϭ 6; Figure 1 ), indicating that lease-activated current (I CRAC ; Hoth and Penner, 1993) , these data demonstrate the high Ca 2ϩ selectivity of TRP-P Ca :P Cs equaled 45:1, which agrees well with previous measurements based on Ca 2ϩ -dependent shifts in E rev dependent channels in situ. Figure 1 and Table 1 summarize results measured for in the presence of a variety of other internal and external cations (Hardie and Minke, 1992 and after 50% decay; see Figure 3 ). The absolute difference (EBIP in mV) was taken as an objective index of the Current-Voltage (I-V) Relationships Under divalent-free conditions, I-V relationships of the biphasic behavior. Possibilities 1 and 2 above would predict that the biphasic behavior would become more light-activated conductance in both wild type and trp show a simple outward rectification, indicative of a voltpronounced with larger currents generated by higher intensities; however, Figure 3B shows that over a 6-fold age-dependent increase in channel open probability at depolarized potentials. In the presence of external Mg 2ϩ , range of intensity, whereby conductances increased by over 3-fold, E BIP showed no significant difference. To the wild-type I-V relationship develops a dual inward and outward rectification due to a voltage-dependent test the possibility of Na/Ca exchange contributing to the waveform, we rapidly replaced external Na ϩ with block by Mg 2ϩ , which can be relieved by both hyperpolarization and depolarization (Hardie and Mojet, 1995) .
Cs ϩ to block the exchanger, using a puffer pipette. The Mg 2ϩ also blocks the current carried by TRPL channels isolated in the trp mutant, but to a lesser extent and with little if any voltage dependence, so that the I-V relationship retains a simple outward rectification (Figure 2; Hardie et al., 1997) . In contrast, as shown in Figure  2 , the I-V relationship of the light-sensitive conductance in the trpl mutant is similar to that of wild type in always showing a pronounced dual rectification, indicating that this property of the light-sensitive conductance does not require TRPL channels. A more precise comparison was not made, as the exact shapes of the I-V functions in wild type and trpl were found to be rather variable.
Biphasic Reversal Potential
When external Ca 2ϩ is lowered to 0.5 mM in otherwise normal physiological Ringer's, adult wild-type photore- substitution of Cs ϩ induced the expected small change whereas in trp flies, where the current is carried by TRPL channels, the estimated channel conductance in Erev due to the difference in permeability for Na ϩ versus Cs ϩ ; however, EBIP was not affected. was ‫01ف‬ϫ greater (35 pS). Values in wild type were intermediate, as would be expected if both channels Finally, if the biphasic behavior is a consequence of sequential activation of TRP and TRPL channels, then contributed to the response (the effective conductance now being the weighted average of the two). Qualitaclearly responses in trpl flies should no longer show biphasic behavior. However, if any of the three alternatively, this relation can be seen directly in the original traces; there is very little channel noise visible in trpl tives suggested above account for the behavior, there is no obvious reason why a biphasic behavior should responses, whereas high frequency channel noise can clearly be seen in the trp mutant and, to a lesser extent, not also be seen in trpl. In over 50 cells, we never detected any significant biphasic behavior in trpl (e.g., in wild type ( Figure 4 ). The values above were determined at resting potential Figure 5 ). As previously reported, neither did we detect a biphasic response in trp mutants (Hardie and Minke, (Ϫ70 mV) . For a response mediated by one class of channel, the single channel conductance would nor-1992).
mally be expected to be independent of voltage; however, in wild-type photoreceptors, the hypothesis that Noise Analysis It has thus far proved impossible to directly patch-clamp there are two independent channels with different reversal potentials and different single channel conductances the light-sensitive channels in Drosophila because of their inaccessible location in the microvilli. However, predicts a very specific and unusual voltage dependence of effective channel conductance at voltages near with certain assumptions, the amplitude of single channel currents can be derived from recordings of macroreversal potential. Namely, as the command potential approaches E rev for the TRPL channels, the response scopic channel noise as the ratio of the variance to the mean current (Colquhoun and Hawkes, 1977) . In order should be dominated by the low conductance TRP channels, whereas when the command potential approaches to extract the high frequency noise from response to flashes of light, we used nonstationary analysis, while E rev for TRP, the responses should be dominated by high conductance TRPL channels. At reversal potential, the recording in Ca 2ϩ -free Ringer's to slow down the kinetics of transduction. Smooth functions were fitted to individestimated conductance should approach infinity since the average mean current is zero but variance is finite, ual light responses and subtracted from the original trace to isolate the high frequency channel noise. Plots as TRP channels would be expected to be mediating outward currents, balanced by inward currents carried of variance against mean current determined from short overlapping segments of the response for such data by TRPL channels. Qualitative confirmation of this prediction can be directly observed in representative traces were approximately linear, allowing the effective amplitude of the underlying single channel currents to be recorded in 0.5 mM Ca 2ϩ Ringer, i.e., the same conditions used for measurements of biphasic reversal potenderived directly from the slope (variance/mean). Single channel conductances were then estimated by dividing tials ( Figure 5 ). At 0 mV (near TRPL E rev ), responses in wild type were virtually noise-free (similar to trpl mutant); by the EMF (holding potential Ϫ E rev ) and corrected for the fraction of power estimated to have been filtered however, similar sized responses at 10 mV (near TRP E rev ) showed clear channel noise (similar to trp mutant). by the recording bandwidth (see Experimental Procedures). The estimated single channel conductance of
The apparent single channel conductances derived from such data in trp, trpl, and wild type, all assuming a TRP channels isolated in trpl flies was rather low (4 pS),
La
3؉ Block Micromolar concentrations of La 3ϩ completely blocks TRP channels but leaves TRPL channels unaffected (Hochstrate, 1989; Suss-Toby et al., 1991; Hardie and Minke, 1992; Niemeyer et al., 1996) . The different channel conductances of TRP and TRPL channels leads to another otherwise counterintuitive prediction of the twochannel model: namely, that during a La 3ϩ -induced block of the light-induced current in wild-type photoreceptors, there should be a reduction in amplitude but an increase in the estimated channel conductance. Figure 6 shows responses before and immediately after application of La 3ϩ (20 M) by puffer pipette. In agreement with the prediction, following application of La 3ϩ responses were significantly attenuated, but relative channel noise increased. Figure 6B confirms that the effective channel conductance, estimated from the variance-to-mean ratio, did indeed increase as the block developed. In confirmation of the findings of Niemeyer et al. (1996) , La 3ϩ completely blocked the light response in trpl flies. However, variance-to-mean ratios determined during partial blocks induced by low doses of La 3ϩ remained constant and indicative of a low channel conductance (Figure 6 ). . As previously reported (Hardie, 1991), in wild-type flies, responses in the presence of extracellular Ca 2ϩ are facilitated but inactivate more single (measured) value for E rev , are shown in Figure 5 . rapidly due to sequential positive and negative feedback As expected, in trp and trpl, values were independent mediated by Ca 2ϩ influx (Figure 7) . In trpl mutants, this behavior is even more pronounced, such that peak reof holding potential. However, in wild type the estimated sponses in the presence of Ca 2ϩ are increased ‫-8ف‬fold. conductance showed a characteristic dependence on
TRP and TRPL Channels
In marked contrast, in trp mutants responses in the voltage, which is accurately predicted by a simple arithpresence of Ca 2ϩ inactivated more rapidly, whereas the metic model based on the summation of the contriburising phase was unaltered, and on average peak retions of TRP and TRPL channels (solid line). In particular, sponses were reduced ‫-5.2ف‬fold. Compared to Ca 2ϩ -there was a minimum of conductance at E rev of the TRPL free conditions, therefore, these results predict that the channels and a ‫-01ف‬fold higher conductance near E rev relative contribution of TRPL channels to the wild-type for TRP, whereas near the measured reversal potential, light response should be reduced by ‫-02ف‬fold at resting the estimated conductance approaches infinity. Since potential in the presence of physiological levels of Ca 2ϩ . E rev and channel conductance for TRP and TRPL channels were estimated in the respective mutants under the same conditions, the only free parameter used for The trpl;trp CM Double Mutant Is Blind modeling this voltage dependence was the relative pro- Niemeyer et al. (1996) reported that sensitivity to light portion of the current carried by each channel. A good was substantially diminished but not abolished in a fit to the data was obtained assuming equal current trpl;trp 301 double mutant. Since the residual response was found to be blocked by La 3ϩ , they suggested that carried by each component. (B) In wild type, the derived effective conductance shows a characteristic voltage dependence, reaching a minimum ‫01-5ف‬ mV below the measured reversal potential, with ‫01ف‬ϫ larger values for outward currents. Near E rev , values approach infinity as the mean current approaches zero, whereas variance is still finite (e.g., inset [wild type indicated by arrow]). The smooth curve is the behavior predicted by a simple arithmetic model assuming two channels with the single channel conductances and reversal potentials measured in the trp and trpl mutants, respectively, each contributing 50% of the macroscopic conductance. Data are averaged from five cells in each case; voltages are expressed with respect to reversal potential to facilitate comparison. The actual E rev values measured under these conditions (0.5 mM Ca 2ϩ , 4 mM Mg 2ϩ ) were 5.9 (wild type), 10.8 (trpl), and Ϫ2.9 mV (trp) mV. Arrows in (B) indicate E rev of TRP-and TRPL-dependent channels. Insets (right) show examples of responses used to derive these data; each family of traces are responses to 20 ms flashes at a series of holding potentials in 5 mV steps around reversal potential (range indicated). Apart from the absolute shifts in reversal potential, note that (1) at reversal potential in wild type (arrow), there is a biphasic response (see also Figure 3 ), but both trp and trpl have a unique reversal potential; (2) in trp, a minimum in the high frequency channel noise is seen at reversal potential; however, in wild type, minimum variance is observed at a holding potential negative to Erev (arrow shows clear high frequency channel noise at reversal potential); and (3) in trp, the noise bandwidth is similar for inward and outward currents; however, in wild type, more noise is associated with the outward currents. In trpl noise is uniformly low at all holding potentials.
trp 301 was not a completely null allele and that the residwhereas erg recordings showed robust responses with ual response was mediated by a small number of TRP sensitivity reduced ‫4-3ف‬ log units compared to wild channels. However, it is also possible that the residual type or trpl (data not shown). As a useful control against response represents a further class of La 3ϩ -sensitive any effect of genetic background, when the same light-sensitive channel. In an attempt to resolve this istrpl;trp CM stock was reared at the permissive temperasue, we generated a trpl;trp double mutant using a differture of 19ЊC, large ‫4ف(‬ nA) responses could be recorded ent trp allele, trp CM . This allele is a developmentally temin response to the Xe flash stimulus (Figure 8 ), whereas perature-sensitive mutation that, when reared at 19ЊC, sensitivity determined using dimmer flashes was found produces substantial amounts of functional TRP protein to be reduced by only ‫3-2ف‬ log units with respect to (Minke, 1983; Pollock et al., 1995) ; however, when raised wild type or trpl (data not shown). These results thus at 25ЊC it appears to have a near null phenotype, indisindicate that loss of functional trp and trpl gene products tinguishable from trp 301 . Figure 8 shows responses in leads to complete abolition of the light response and trpl;trp CM flies elicited by a supersaturating stimulus that, unlike trp 301 , trp CM is functionally a complete null from a high voltage Xe flash lamp, which in wild-type allele when reared at 25ЊC, even though protein can still or trpl flies evoked responses in excess of 20 nA (not be detected with TRP antibodies (Pollock et al., 1995) . shown). The initial biphasic response is the early receptor current, which represents the charge movement due to rhodopsin photoisomerization (Pak and Liddington, Discussion 1974) . This is of similar size to that measured in wildtype flies (Hardie, 1995) and demonstrates that the phoWe have investigated a variety of properties of the lighttoreceptors have a near normal complement of rhodopsensitive conductance in wild-type photoreceptors and sin. Otherwise, there was virtually no other response to compared these with the properties in trp and trpl muthe flash (Figure 8 ). This profound loss of respontants lacking one or the other of the two putative channel siveness to light in trpl;trp CM was also confirmed using subunits, TRP and TRPL. The results are consistent with electroretinogram (erg) recordings, in which no rethe hypothesis that TRP and TRPL contribute indepensponse at all could be detected (n ϭ 12). By contrast, dently to the wild-type response and provide estimates in trpl;trp 301 the same Xe flash stimulus elicited responses in excess of 500 pA (750 Ϯ 138 pA; n ϭ 5), of the relative contributions of each component under In trpl flies (TRP-dependent channels), Ca 2ϩ greatly facilithe recorded cell. In the wild-type cell, the smaller response is assotated the rising phase. In wild type, a more modest facilitation was ciated with relatively greater channel noise, whereas no obvious observed. difference can be detected in the trpl photoreceptor, in which chan-(B) Summary of the effect of Ca 2ϩ on peak responses, indicating nel noise is uniformly low. In trpl, but not wild type, La 3ϩ results in that compared to the situation in Ca 2ϩ -free Ringer's, TRP channels a complete block of the response.
(in trpl) are facilitated ‫-8ف‬fold, whereas TRPL channels are inhibited (B) Peak response (triangles) and effective single channel conduc-‫-5.2ف‬fold (mean Ϯ SD from six to eight cells in each case). tance (squares) calculated from variance/mean ratio before and after La 3ϩ application in wild type (closed symbols) and trpl (open symbols). This confirms the increase in apparent channel conductance in wild-type flies, whereas in trpl the effective channel conductance conductance were intermediate between those of trp is small and unaffected by La 3ϩ . Flashes were repeated at 8 s inand trpl; (2) unique reversal potentials were found in tervals.
both trp and trpl mutants, but not in wild type; (3) the La 3ϩ block in wild type (but not trpl) was associated with an otherwise counterintuitive increase in effective various conditions. We report a number of novel phenotypic manifestations of the trpl mutation, and our dechannel conductance; and (4) effective channel conductance was independent of voltage in both trp and trpl scription of the light-sensitive conductance in the trpl mutant represents a detailed description of the TRPmutants but showed a very characteristic dependence in wild type, which could be completely accounted for dependent channels in situ in isolation from the TRPL channel subunits.
by the summation of the TRP and TRPL channels with the properties (conductance and Erev) determined in the respective mutants ( Figure 5 ).
Basis of the Wild-Type Light-Sensitive Conductance
The data in this paper are consistent with the hypothesis that the wild-type light-induced current is mediated by Relative Contributions of TRP-and TRPL-Dependent Channels at least two independent conductances, which have the properties of the channels present in the trp and trpl
If it is accepted that the wild-type conductance is composed of two components with the properties of mutants, respectively. In each situation investigated, the property of the wild-type conductance could be quanti-TRP-and TRPL-dependent channels isolated in the respective mutants, then the data allow a number of tatively accounted for by summation of the two components isolated in the trp and trpl mutant. Specifically, independent estimates of the relative contribution of each component to the wild-type response.
(1) wild-type ionic permeabilities and effective channel TRPL with monovalent ions were much smaller than with divalent ions, so that errors of only 1-2 mV in the estimation of E rev would lead to large errors in the estimation of relative proportions of the two conductances. A significant exception was found, however, with respect to currents carried by Ba 2ϩ , in which it seems that 90% of the current is carried by TRP channels. Such a discrepancy could be explained by a pharmacological effect of Ba 2ϩ on open probability or single channel conductance.
Fourth, the effective single channel conductance determined by noise analysis in wild type in Ca 2ϩ -free Ringer's at resting potential was 17 Ϯ 10 pS. This would be accounted for by a 58% Ϯ 32% contribution from TRP channels (4 pS) and a 42% Ϯ 32% contribution from TRPL channels (35 pS).
Most of these estimates, which are almost entirely independent, give a similar result-namely, approximately equal relative contributions of TRP and TRPL in terms of total current-since the single channel conductance of TRP is ‫01ف‬ϫ less than that of TRPL, this indicates that there should be ‫01ف‬ϫ more TRP channels than TRPL channels contributing to the responses. This is consistent with a recent quantitative estimate of the amounts of TRP and TRPL protein expressed in Drosophila eyes (Xu et al., 1997) . show only Ca 2ϩ -dependent inactivation. Quantitatively, the difference in Ca 2ϩ dependence (‫-02ف‬fold increase of TRP relative to TRPL in the presence of Ca 2ϩ ) preFirst, by clamping at the reversal potentials of TRP dicts that TRP channels should account for ‫%59ف‬ of and TRPL channels (as determined in the trp and trpl the wild-type response at resting potential in the presmutants), it should be possible to isolate each compoence of Ca 2ϩ and can thus explain the observation that nent in wild type, so that the relative size of the reflash responses and quantum bumps, recorded at restsponses at the respective reversal potentials should ing potential in the trpl mutant, appear essentially indisprovide a direct estimate of the relative contribution of tinguishable from wild type in the presence of physiologthe two channels to the light response. Interpolation ical Ca 2ϩ (Niemeyer et al., 1996 ; S. R. Henderson and from the same recordings used for the voltage depen-R. C. H., unpublished data). The physiological role of the dence of noise analysis (e.g., Figure 5 ) lead to an esti-TRPL channels remains an open question; presumably, mate of 56% Ϯ 22% TRPL-and 44% Ϯ 22% TRPtheir relative contribution will increase as the cell depodependent conductance (mean Ϯ SD; n ϭ 14; based on larizes, not only because of the reduced Ca 2ϩ influx but peak responses in wild type at mean E rev in trp and trpl).
also because of a voltage-dependent dependent block Second, the complex dependence of effective chanby Mg 2ϩ , which is specific to the TRP-dependent channel conductance on voltage ( Figure 5 ) could be closely nels (Hardie and Mojet, 1995) . modeled on the assumption of two independent components. The data were well-fitted, assuming an equal proportion was carried by each component.
Comparison with Heterologously Expressed Channels Third, on a two channel model the wild-type permeability is predicted to be the weighted average of the Recently, we reported that the ionic selectivity of heterologously expressed TRPL channels, as well as a variety two components. , 1997) . However, the properties of TRP-dependent channels determined in the trpl mutant deviate signifiFlies cantly from the available data from heterologously exAll experiments were performed on newly eclosed (Ͻ2 hr) Drosophila pressed TRP channels (e.g., Vaca et al., 1994) . The most melanogaster adults. The wild-type strain was white-eyed (w) Orestriking differences concern permeability for divalent gon; to isolate TRPL-dependent channels, we used w;trp 301 , which is a near null mutant without detectable TRP protein on Western ions. For example, permeability ratios for Ba 2ϩ and Mg 2ϩ blots (Pollock et al., 1995) . Towards the end of this study, we diswere reported, respectively, as ‫-051ف‬ and 3000-fold covered that the trp CM allele (Cosens and Manning, 1969 ) is a more lower in insect Sf9 cells than in the present study (calcueffective functional null allele; however, except in the double mutant lated from bi-ionic E rev potential data of Vaca et al., 1994) .
combination (trpl;trp), trp CM and trp P301 appear quantitatively indistinSuch conspicuous discrepancies make it unlikely that guishable (e.g., with respect to reversal potential and channel noise).
the same channels were being studied in the two situaTo isolate TRP-dependent channels, we used trpl 302 ,cn,bw, a null allele kindly provided by Dr C. Zuker (La Jolla), which has a nonsense tions. A possible explanation would be that TRP intercodon just prior to the transmembrane sequences (Niemeyer et al., acts with channel subunits endogenous to the expres-1996). Flies were raised at 25ЊC unless otherwise stated. sion system. Alternatively, the native TRP-dependent light-sensitive channels might incorporate an additional,
Electrophysiological Recording and Stimulation
as yet unidentified channel subunit. A further implication Dissociated ommatidia were prepared as previously described (Harof these considerations is that it may be premature to die, 1991, 1996b) . Briefly, retinae were rapidly dissected out and conclude that activation of TRP-dependent channels triturated, and the dissociated ommatidia were allowed to settle in a recording chamber on the stage of an inverted microscope (Nikon by thapsigargin in expression studies represents the Diaphot). Whole-cell recordings were made using unsylgarded piphysiological route of excitation in situ.
pettes 5-10 M⍀ in resistance. Series resistances were in the range Our results also contrast with two recent studies, 10-20 M⍀; for most measurements, series compensation of 70%-which have suggested that TRP and TRPL form hetero-80% was applied, but for noise analysis no compensation was apmultimers. First, Gillo et al. (1996) reported that, follow- properties as TRPL alone. However, the properties of onto the cell from a wide-bored ‫02ف(‬ m) puffer pipette. Although the putative heteromultimer reported by Xu et al. (1997) not strictly necessary, an identical procedure was followed for deterfollowing coexpression of TRP and TRPL in 293T cells mination of Erev of the other divalent ions as well. All solutions were were distinct from those of the TRPL-dependent conbuffered to a pH of 7.15. The Cs gluconate pipette solutions induced ductance, both when compared with TRPL heteroloa junction potential of Ϫ12 mV; K gluconate, a potential of Ϫ10 mV; and CsCl-TEA solutions, a potential of Ϫ3 mV; these were corrected gously expressed in the same cell line and with TRPL for in the data. Chemicals were obtained from Sigma.
in vivo (in the trp mutant or in wild type after application of La 3ϩ ). Conceivably, such discrepancies may also be fitted function was subtracted from each trace to extract the high
